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Discussion
1 Introduction

In the last RAN4 meeting, the requirements for NR-U idle mode were extensively discussed. And several agreements on NR-U idle mode were achieved [1] but some of important aspects and parameters for these requirements were still open. 
	Serving Cell Evaluation

Agreement: The NR-U standalone UE shall measure and evaluate the cell selection criterion S for the serving cell at least once every (1+Ms)*M1 DRX cycles in Nserv consecutive DRX, where 
· M1 value

· M1=2 if DMTC periodicity (TDMTC) > TBD and DRX cycle ≤ 0.64 second

· Otherwise M1=1.

· Nserv is as defined below

DRX cycle length [s]
Nserv [number of DRX cycles]
0.32

M1*4 + M1*Ms

0.64

M1*4 + M1*Ms

1.28

2 + Ms

2.56

2 + Ms

· Maximum value of Ms is TBD
· The UE shall restart the measurements used for serving cell evaluation if it cannot fulfil the conditions on the maximum value of Ms

· FFS how to determine the maximum value of Ms
· The UE behavior needs be clarified
· UE shall initiate measurements on neighbour cells indicated by the serving cell if it is unable to measure on the serving cell for at least Mp consecutive number of DRX cycles not available at the UE, where the value of Mp is TBD

Cell reselection

Agreement:
NR-U standalone cell re-selection requirements to the target intra- and inter-frequency NR-U cell are as defined below.
DRX cycle length [s]
Tdetect,NR_Intra , Tdetect,NR_Inter [s] 

{number of DRX cycles}
Tmeasure,NR_Intra, Tmeasure,NR_Inter [s] 

{number of DRX cycles}

Tevaluate,NR_Intra, Tevaluate,NR_Intra [s] 
{number of DRX cycles}
0.32
 0.32x([36]+Md)xM2 {([36]+Md)xM2}
0.32x([4]+Mm) xM2

{([4]+Mm)xM2}

0.32x([16]+Me) x M2

{([16]+Me)xM2}

0.64
 0.64x([28]+Md)  

{[28]+Md}
0.64x([2]+Mm) 
{[2]+Mm}

0.64x([8]+Me) 
{[8]+Me}
1.28
 1.28x([25]+Md)

{[25]+Md}
1.28x([1]+Mm)
{[1]+Mm}
1.28x([5]+Me) 

{[5]+Me}
2.56
2.56x([23]+Md)

{[23]+Md}
2.56x([1]+Mm)
{[1]+Mm}
2.56x([3]+Me) 

{[3]+Me}
Md, Mm, Me are the number of DMTC occasions not available at the UE during the corresponding time periods.
Note: put numbers in brackets.

Agreement:
Maximum values of Md, Mm, and Me are TBD. 

UE behavior: restart the measurements if the limits are exceeded

Agreement:
Measurement requirements in RRC_IDLE on non-NR-U inter-frequency and inter-RAT LTE shall follow the existing requirements for UE camping on an NR-U cell. The impact of DL LBT in the serving cell on cell reselection procedure is FFS.

Agreement:

The UE shall filter the measurement (e.g. SS-RSRP/SS-RSRQ) using at least 2 measurements which are separated in time by at least DRX/2 but not separated in time by more than Mn. Mn is number of DRX cycles not available at the UE. FFS whether Mn depends on DRX cycle length.


Therefore in this contribution, the further considerations on these remaining issue are provided.
2 Discussion
Generally in NR-U, the DRS transmitted from the neighbor cells may not be available due to LBT failure.  Therefore the total evaluation time for both serving cell and intra/inter-frequency neighbor cells may be extended. The simple way to reuse the existing similar requirements of NR for NR-U is counting more additional delay due to the LBT failure into the total delay. For examples, the parameters below were be taken count into the corresponding requirements for NR-U idle mode [1].
· Ms = the number of configured DRS occasions in the serving cell not available at the UE due to LBT failure during the serving cell evaluation time (Nserv).

· Md = the number of configured DRS occasions in the target cell not available at the UE due to LBT failure in the target cell during the detection time
· Me = the number of configured DRS occasions in the target cell not available at the UE due to LBT failure in the target cell during the evaluation time
· Mm = the number of configured DRS occasions in the already detected target cell not available at the UE due to LBT failure in the target cell during the measurement time
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Figure 1. Illustration on the serving cell evaluation in NR-U
Firstly it shall be noted that the number of DMTC occasions not available at the UE during the corresponding time periods (e.g. Ms, Md, Me, Mm, Mp above) are changed every an evaluation duration (e.g. M1*4 + M1*Ms for the serving cell evaluation in non-DRX) because of the uncertainty of LBT. 
Observation 1: The not-available DRS occasions within a NR-U serving cell evaluation/measurement window (e.g. M1*DRX in Figure 1) in the idle mode can be different over a completed serving cell evaluation duration (e.g. “Nserv”).
But according the agreement below[1], the UE was required to perform the measurement on the serving cell every “(1+Ms)*M1” DRX cycles. In our view, Ms is the number of total  non-avaialble DRS occasions due to LBT failure during the serving cell evaluation time (Nserv), which is unpredictable and changed every time. Thus UE can’t know how long the measurement interval shall be with this requirement before a serving cell evaluation completed. 
	“The NR-U standalone UE shall measure and evaluate the cell selection criterion S for the serving cell at least once every (1+Ms)*M1 DRX cycles in Nserv consecutive DRX,”


Observation 2: UE can’t know how long the measurement window shall be with the requirement in [1] before a serving cell evaluation completed.

Thus we can propose clearly revise the requirement for the measurement interval as:
Proposal 1:  The NR-U standalone UE shall measure and evaluate the cell selection criterion S for the serving cell at least once every (1 + max(Ms) )*M1 DRX cycles in Nserv consecutive DRX.
Moreover, in order to make the requirements reasonable and avoid the re-selection time becoming unnecessary too long, there should be a limit on the maximum number of configured DRS occasions that are not available at the measured cell due to LBT in the target cell. So the UE needs justify whether the DRS available or not within a DRX which UE needs to wake up for the paging reception and measurement. For an example, UE can recognize the DRX occasion in which DRS for the serving cell (known by UE) are not available due to LBT failure if 

· The correlation result between the received single within the measurement window(DRX) with the known PSS/SSS sequence is below the specific threshold
Observation 3: The number of not-available DRS during the NR-U idle mode serving cell evaluation duration can be distinguished when SINR side condition fulfilled. 
Secondly some more discussion on the UE behavior when the maximum “Mp” exceeded [1] shall be further discussed.
	· UE shall initiate measurements on neighbour cells indicated by the serving cell if it is unable to measure on the serving cell for at least Mp consecutive number of DRX cycles not available at the UE, where the value of Mp is TBD




The principle of serving cell evaluation in both NR and LTE is to guarantee the reliable justification when the current serving cell signal quality is not suitable for UE camping. That is why more than one measurement results on the serving cell during Nserv is required. This can avoid the too frequent cell reselection and measurement on the neighbor cell in idle mode. It is very significant aspect for UE power consumption. Particularly in NR-U idle mode, the same design criteria shall be complied. In our view, if the non-available DRS occasions (no matter what they are consecutive or not) exceeds the maximum limitation, it is not reasonable to assume that the current serving cell quality is not good enough and trigger unnecessary cell reselection procedure. 
Observation 4:  For NR-U idle mode, if it is unable to measure on the serving cell for at least Mp consecutive number of DRX cycles not available UE shall restart a new evaluation on the serving cell instead of initiate measurements on neighbor cells.
Particularly, for the number of non-available DRSs themselves, the general considerations is to avoid the too long evaluation delay. And we can reuse the similar approach to extend the measurement delay in LAA[2]. Thus the extend delay due to LBT failure can be scaled based on the existing parameters which is for the NR. And the total delay shall be limited to the some range especially considering the largest DRX cycle(e.g. 2.56s)
Proposal 2:  Nserv can be defined as below
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	0.32
	M1*4 + M1*[8]

	0.64
	M1*4 + M1*[8]

	1.28
	2 + [4]

	2.56
	2 + [4]


3 Conclusion

In this contribution, the further considerations on NR-U idle mode requirements are provided. Accordingly to the observations and proposals below can be drawn:
Observation 1: The not-available DRS occasions within a NR-U serving cell evaluation/measurement window (e.g. M1*DRX in Figure 1) in the idle mode can be different over a completed serving cell evaluation duration (e.g. “Nserv”).
Observation 2: UE can’t know how long the measurement window shall be with the requirement in [1] before a serving cell evaluation completed.

Proposal 1:  The NR-U standalone UE shall measure and evaluate the cell selection criterion S for the serving cell at least once every (1 + max(Ms) )*M1 DRX cycles in Nserv consecutive DRX.
Observation 3: The number of not-available DRS during the NR-U idle mode serving cell evaluation duration can be distinguished when SINR side condition fulfilled. 

Proposal 2:  Nserv can be defined as below
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	0.32
	M1*4 + M1*[8]

	0.64
	M1*4 + M1*[8]

	1.28
	2 + [4]

	2.56
	2 + [4]
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